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In order that irradiation testing be confined to the most promising materials, a reliable method is needed for arranging all candidate thermoelectric materials in order of their potential suitability for reactor service. A method is presented for discussion which apparently 'when fully developed promises not only to solve the problem of screening out the less attractive materials but also to reveal which of the materials Lscreened are the best ones. The method is based on the vector addition of twenty parameters. One prototype thermoelectric generator was designed and built. This generator with 120 junction pairs was found unsatisfactory when tested because of breakdown of electrical insulation between the heat source and the junctions. Other designs and materials are being investigated.
6. Blanke, B.C.
INUCLIMAR BATTE -THMI614OUP12 TMF.
Monsanto Chemical Co., Mound laboratory, A third thermoelectric generator has been constructed and tested. Specifications for batteries having outputs of over six volts at power levels of 30, 50 and 1000 milliwatts at the end of six months have been made. An attempt was made to veriry experimentally the theoretical equations of the
I
Thomson and Peltier effects.
7.
Blanke, B.C.
NUCLKAR BATTMY -WCOUPLE TMFE.
[ Monsanto Chemical Co., Mound laboratory,
ii Miamisburg,  Quarterly rept. no. 6, 30 June 58. (Contract R-50-799965-sc-01-91)
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(cont'd)
A thermoelectric generator having independent outputs of 1.2 and 4.8 volts at more than 50 milliwatts after six month's service has been constructed and tested using a mock Po-210 heat source with an initial thermal power of 37 watts.
8.
Blatt, F.J.
Ii
Effect of point imperfections on the electrical properties of copper. 1I.
H
Thermoelectric power. PHYS. REV., v. 100
In. 2, p. 666-70, 15 Oct 1955. The changes in the thermoelectric power of copper due to presence of interstitials and. vacancies have been calculated in the free-electron approximation. It is found that the changes for concentrations of defects encountered in experiments on radiation damage due to massive charged particles are, at liquid nitrogen temperature, of the same magnitude as the absolute thermoelectric power of pAre copper. Both interstitials and vacancies tend to reduce the absolute thermoelectric power of copper, and this effect should be readily observable in a suitably designed experiment. It is suggested that the effect may also be used to throw additional light on the processes which occur in the annealing of an irradiated sample. The calculated changes in the thermoelectric property of copper due to Frenkel defects are also of such magnitude as to make adequate precautionary measures necessary whenever the thermocouple, which is used to measure the temperature of the specimen, is also in the beam of the massive charged particles. Unless the thermocouple is suitably screened from the beam, unreliable temperature measurement is rlikely to result. Curves showing the predicted temperature and concentration dependence of the thermoelectric power change due to Frenkel defects are presented. The effect of small concentrations of arsenic in solid solution in copper on the thermoelectric power of copper has also been calculated by jthe same procedure.
The calculated results are in satisfactory agreement with experiment, indicating that the results for interstitials and vacancies are probabl3 of the correct magnitude.
9.
Bloom, J.
[
13-WATT CURIUM-FULED THERMOELECTRIC GEEATOR FOR A SIX-MONTH SPACE MISSION.
IMartin
Co., Nuclear Div., Baltimore, Md.
Final rept., MD-P-2373, July 1960, 45P. ASTIA AD-231 650
LMP
1
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Modification of the boron graphite/graphite system is being considered to improve the performance of the thermoelectric generator. A method of increasing the thermoelectric power by varying the concentration of boron along the length of the thermoelectric element is being studied. Liquid thermoelectric materials have advantages over solids, such as lower heat conductivities and freedom from radiation damage. Measurement of resistivity and thermoelectric power are to be made on the Cs-CsCl system since melting points and miscibility occur at lower temperatures than other alkali-alkali halide systems. Thermal conductivity: measurements which provide a direct 1determination of the anisotropy ratio were made on AT graphite samples from 13000 to 2000 0 K. Thermal conductivities of boronated graphite and porous graphite were also made. Work is continuing on the programming of the calculations of the integrals needed in the transport theory of graphite. A thermoelectric generator using boronated graphite against plain graphite and producing 50 mv over a range of 7000 to 800 0 C was constructed by using elements 1/4 in. in diameter and 3 in. long.
11.
A brief summary of research on radia- Many of the most interesting mechanical and electrical properties of solids, especially at high temperatures or after radiation damage, depend on the presence of point defects --interstitials and vacancies --in the crystal lattice. Ionic crystals are especially suited for the study of these defects, because in them the defects are electrically charged. The ionic conductivity mechanism is reviewed, with reference to the information it yields about the properties of the defects. Recently, further information about the defects Lhas been derived from the thermoelectric power (Seebeck effect) and these new developments are summarized.
L
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14.
Clark, R.A., Jr., Doncals, R.A., and Holman, RmR. IThe reference thermoelectric generator element was selected as one that will
N0LZAR HIMOXLECTRIC POWER PLANT PROGRESS
give an over-all conversion efficiency of 7 per cent for a practical generator., including allowance for contract losses and other assembly degradations. Preliminary hydraulic, thermal, and nuclear design analyses were used to establish a reference core for lifetime and control studies.
1'
15.
Corelli, J.C. and Frost, R.T. 
LAn
instrumented in-pile experiment previously described has yielded the following changes. The Seebeck coefficient of the n-type Bi Te 3 sample 7increased by -iO% during the irradiation while the resistivity was increased while the resistivity was increased by a factor of -2.8 with no significant changes for fast (? 1-Mev) flux times greater than 5 x l&l 9 n/cm2. In the case of p-type ZnSb the resistivity increased by a factor of-l with no large changes resulting beyond a fast flux time of 6 x 10ln/cm . The p-jpe ZnSb converted to n-type after an accumulated fast flux time of-l.6
x 10 n/cm 2 , and thereafter its Seebeck coefficient exhibited a gradual increase r of o15% with increased in-pile time. The resistivity of n-type PbTe increased in-pile time.
The resistivity of n-type PbTe increased by 2 a factor of -25 after a total accumu1lated fast flux-time of 1.2 x 10 2 0 n/cT 9 wit no large changes observed for fast flux-times greater than-6 x 10 9n/cm . Auxiliary experiments suggest that a significant part of resistivity increases for all samples because of stress-induced damage during reactor power transients.
In some cases temperatures during irradiation were near the annealing threshold for PbTe and Bi 2 Te 3 . to the irradiation, and its magnitude was changed by a factor of 0.7 for the shielded and 1.8 for the unshielded specimen. The room temperature electrical resistivity of shielded and unshielded n-type PbTe increased by a factor of 10 as a result of the irradiation. Additional measurements of electrical resistivities and Seebeck coefficients at higher temperatures will be presented.
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17.
ITH
EFECTS
I1
May 1895.
The thermoelectric generators described generate continuous current and are mechanically reliable, one having been in operation for three years without maintenance or any change in resistance. Absence of moving parts, relative quietness of operation and practical absence of maintenance problems would seem to be great advantages; on the other hand, great weight and limited output are considerable disadvantages. The pounds per horsepower ratio is of the order of 250 for the small generators and several times that for the large generator.
19.
Danko, J.C., Kilp, G.R. K irradiations were appreciably less effective in producing property changes than 300°K. In pulse annealing of samples irradiated at 103 0 K, it was found that recovery of all properties was very marked at about 150 0 K and higher when room temperature was attained.
In pulse annealing to higher temperatures the strong recovery state starting at about 400 0 K was attained. In comparing protronwith neutron-damaged samples, a correlation was found for the thermal and electrical conductivities but not for the thermoelectric power. The effect of uniaxial strain on the Seebeck coefficient of n-type germanium has been studied in the temperature range where phonondrag effects are important. The changes in the Seebeck coefficient were found to be closely L_
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I1
.. SR-196, 1952, 28p .
The thermoelectric power (q) of nine grades of artificial and natural
Igraphite was measured in the temperature region 4.2 -300 0 K. The effect of neutron exposure on the temperature dependence in this interval was determined also. An analytical expression for q was derived that is in excellent qualitative agreement with the experimental data. Q is a reliable measure of the number of conduction electrons.
The variation observed among grades of graphite is similar to the effect produced by slight changes in the number of conduction electrons. This variation in grade is correlated with particle size.
25.
Flanagan, T.P. The corresponding thermal flux time was 6.1 *10 cm -2 . Electrical resistivity and Seebeck coefficient were monitored by means of seven lead attached to each of the three samples, which were located within a cylindrical region in the reactor 1/2 in. long and 3/4 in. in diameter.
Thermal and resonance neutron reactions on tellurium produced iodine approaching the amount used in the initial doping of the n-type materials. Gammaray spectroscopy on uninstrumented sampled irradiated to comparable fluxtimes failed to disclose lines due to long-lived daughters of fast neutroninduced reactions. The changes in electrical properties of uninutrumented FbTe and Bi Tea samples induced by a fast (7 1-Mev) neutron flux time of 1.5 "lO 9 cm 2 dre essentially completely annealed in the range of temperature from 1700 to 1900 C, respectively.
28.
Gaidos, F. and Glick, H.L. 
INSULATION RESISTANCE OF
<I -639)
Work on the rate of tellurium loss in CuGaTe 2 at high temperatures and its effect on its semiconducting properties was continued.
31.
Gross, L.W. Oscillatory d-c superimposed on the d-c output of the generator was observed during the shock and vibration tests, and disappeared when the environmental forces were discontinued.
I SNAP III -THERM.ELECTRIC GENERATOR
The maximum d-c ripple was 7.4 millivolts rms in the y-Plane during the shock and vibration cycles.
It was concluded that SNAP III thermoelectric genera-
Ltor
No. IG5 is reliable in environments simulating the WS-IU7 L Vehicle.
33.
Gross, L.W. and Schramm, E.J.
SNAP III-THER LAELTRIC GEMERATOR ENVIRONMENTAL TEST. VOLUME III. Martin Co., Nuclear Div., Baltimore, Md. This behavior of the generator is attributed to the oscillatory change in internal resistance resulting from vibratory elastic deformation of the thermoelectric elements. This produces a transient in the electrical output with a resultant reduction in generator efficiency.
1MND-P-
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I 3-88-61-1/sB-6-6o 33. (cont'd) The maximum reduction in efficiency was noted in the 700 cps region. A resonance on the generator shell at 1845 cps was noted, but generator electrical output and efficiency were not affected. Upon discontinuance of the induced vibration, the generators returned to normal operating conditions. While undergoing shock test, a d-c transient was noted at the time of impact, resulting in a slight decrease in efficiency. The generators immediately returned to their normal operating efficiency. In the acceleration portion of the test no d-c transient was evident in any of the three planes, therefore the generator efficiency remained constant. Steady state conditions were re-established at the start of each new test phase (i.e.,
[1 changing planes of excitation, changing from shock to vibration, etc.) Thus, any variation from pretest efficiency was attributed to the external load resistance becoming unmatched due to the change in internal resistance. The important result is that complete generator recovery was consistent in all Icases and normal operation continued. The generator, shell, internal structure and pressure, and the hot and cold junction temperature were not affected during the test. As a result of this test program, it was concluded that the Snap III thermoelectric generator will operate reliably in the environments associated with the Vega and WS117L vehicles. Generator 2A, the design of which was completed last quarter, was fabricated Ll and electrically tested. The generator met all significant design requirements with the exception of the collector work function. During the preparations for environmental tests one of the leadthroughs failed. Metallographic examination revealed that it is necessary to make some design revisions of the U leadthrough. Generator 2A was an experimental unit which led to the design of generator 2B. Specifically, the conclusions obtained from 2A confirmed
Lcertain processing methods applicable to future units. The latter unit includes provisions for remote control fueling and its operation should attain anticipated performance characteristics (Po'1 , w, c' T ) T and life). Critical areas of design, construction, and processing o 2B c include the facility for remote control fueling, the attainment of close interelectrode L spacing and low collector work function, and the achievement of a rugged generator. Accordingly, a vigorous theoretical and experimental approach was undertaken. A life test on generator lA was initiated and over 21 hours L of operating time was accumulated. The emitter was not aged prior to incorporation into the generator; as a result, the evaporation of barium from the the point where it was no longer feasible to continue thp life test. The procedures for fueling a thermionic generator with a Cm 2 4 2 heat source were established. An activation device in which a work function of approximately 1.9 volts was achieved was designed, fabricated, and tested. These same techniques can be incorporated in a practical generator design. Following this test, the preliminary design of generator 2B was established, and development on the design was initiated. To date, considerable progress has been made in the development of purification processes for gram quantities of americium and curium. Design, fabrication, and installation of experimental equipment for producing capsules for irradiation, for processing the capsules after irradiation, and for testing containment materials has been completed, and the equipment is in operation.
The processes involved are being rigorously evaluated in preparation for the construction of prototype systems.
Nuclear,
ithermal,
and hazards analyses were undertaken on all phases of this task; results appear quite satisfactory.
35.
Honeywell Research Center, Hopkins, Minn. 
DEVEWLPMENT OF A SEMICONDUCTOR FIIM-TYPE
TN2-8106)
Effort was directed toward the fabrication of a plasma-sprayed Li20-doped NiO generator. Cracking of the alumina substrate during flame spraying necessitated a change in the design of the plates. Voltages of less than 25v per plate were obtained. Attempts will be made to improve the output voltage and retain the original 5 or 6 plate generator design; however, 8 or 9 plates can be used which would occupy slightly more than half of the 25 cu in. allowed. Because of the difficulties encountered with the A design, no attempt will be made to fabricate generators of designs B or C.
IDesign computations for a cylindrical generator C are presented. These calculations indicate that a cylindrical-designed 25-cu in. oxide thermoelectric generator operating with a hot end temperature of 1300 C and a cold Lend temperature of 600 C would generate 3.0 w.
36.
Home, R.A.
Effect of oxide impurities on the thermo1electric powers and electrical resistivities of 17 1. The thermoelectric powers of bismuth and 'antimony are only slightly altered by the presence of Bi20 3 and Sb 2 0 2 respectively, and the electrical resiswJ tivities are increased. The theroelectric power of tellurium, however, is extremely sensitive to TeO impurities. Bismuth telluriim alloys show greatest sensitivity to oxide impurities when their composition is in the I range corresponding to Bi Te . The thermoelectric powers of these materials depend in detail on the m9nn;r in which the thermal gradient is applied during measurement.
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37.
Howe, J.T. (ed)
[SOLID SPreviously reported large creep rates in Inconel were s own to be a result of erratic behavior of microformer transducers. Several coU-spring type transducers were fabricated and tested. Impact tests were made on irradiated carbon steel. A program of tests was initiated to determine radiation -effects on bonded-wire resistance strain gages.
Reactor fuels Nos. 21 and 27 (NaF-KCF-ZrF4-UF 4 and NaF-ZrF 4 -UF4, respectively) were irradiated in Inconel capsules.
A dynamic-corrosion apparatus for the Materials Testixg Reactor (MiR) was designed. Hardness measurements were plotted against penetration distance for aluminum bombarded with 100 a/hr of 21-Mev protons. A method is proposed for in-pile determinations of dielectric constant and attenuation factor of insulators in cables. Design and fabrication of equipment for remote metallographic specimens were completed. Radiation effects on thermocouples are reported. Nuclear-heat generation in type 347 stainless steel was measured.
Neutron spectra in the Bulk Shielding Facility were investigated. Fast-neutron bombardment of diamond, quartz, and cubic SiC produced a continuing lattice expansion. Thermally unstable radiation-produced disorder is retained by germanium at -78oC. Irradiation L of germanium showed that there is a continuous decrease in resistivity and Hall coefficient with decrease in temperature. Data are reported on annealing Lof KCI F centers and radiation stability of plastics and elastomers.
1. The importance of reliability and weight as performance criteria for equipment to be used in space vehicles is stated. The inherent potential advantage of a thermoelectric generator and other static devices from the standpoint of reliability is pointed out. The need is indicated for making weight estimates of thermoelectric generator systems on a consistent basis for purposes of evaluation and direction of future work. A thermoelectric generator system for providing auxiliary power for space vehicles is defined, and some discussion is given of the role of efficiency in weight minimization. Finally, an approach for predicting and minimizing the weight of a thermoelectric generator is briefly outlined and results of a number of calculations using this procedure are presented. Higher as-pressed pellet densities were achieved by introducing double-end pressing action. Binary and ternary uranium compounds were prepared and pelletized using the double action. A new bonding eutectic is being tried for establishing good electrical contact between steel end disks and the pellets.
18
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Kilp, G.R., et al
Numerous electrical measurements were carried out on materials 
LM
S20
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1Irradiations of fuel materials and coil springs for the Submarine Intermediate
Reactor were performed in dry process tubes in a Hanford pile. The fuel specimens and controls were in capsules of Na, and temperature of the fuel was maintained at 450 0 C when feasible. The coil springs were in He gas at 3500C, and were under compression during irradiation. Eleven of the capsules con1tained fuel in the form of enriched U metal or oxide. Five control capsules contained natural or depleted U metal. Nine metallic fuel specimens were in direct contact with the Na, whereas eight of the metallic or oxide fuel specimens were sealed in tubes of Zr, Ti, Fe, or type 347 sloinless stel whih were immersed in Na. Total irradiations varied from 1.3 10 to 4 10 n/cm . IA theory is presented with accounts for the American observations on the emf produced by a semiconductor junction under irradiation. It is shown that for high efficiency a semiconductor with a large energy gap, and with both p and n material as heavily doped as it is practical, should be placed in a very high irradiation density. The optimum thickness for the transistor is found to be when both p and n material are one or two diffusion lengths thick. Figures are given for possible efficiencies of Si and Ge, and show the former far better if it can be produced in suitable form. The lifetime of the battery will be determined by atomic displacements caused by the irradiation, and is a serious limitation. Any practical use would necessitate a compromise Lbetween long lifetime and high efficiency, which require respectively low and high irradiation density.
L
53.
McCollum, P.A. v. 69B, p. 115-18, 1956. IEstimates are derived for carrier lifetimes in the compounds due to a process of direct electron-hole recombination with emission of a single photon. Existing optical absorption data were used; the recombination notes were calculated from the fo rula of van Roosbroec and Shockley. The values given are, for PbSe 0.6 x 0-sec, PbTe 0.8 x 10-sec, and PbS 40 x 10-sec, the errors were estimated at factors of 2, 3, and 5, respectively. The thermo-electric emf of a chromel-alumel thermocouple at the freezing points of tin and lead and of iron-constantan, copper-constantan and platinum-platinum/13% rhodium thermocouples at the freezing point of lead have been measured in BEPO. Of the four couples investigated at the freezing point of lead, the platinum-platinum/13% rhodium couple gave the most reproducible behavior and no significant change in the couple reading was introduced by irradiation. The other couples all showed significant increases, chromel-alumel giving the biggest effect, i.e., l.1 0 C. At the freezing point of tin, chromelalumel showed no significant change at first but on prolonged irradiation gave a statistically significant decrease of 0.47 0 C. In all the couples, the mean of the readings when the pile was working was significantly different from when it was shut down, but this effect was small except for the chromel-alumel couple at 327 C when it was about 0.5 0 C. LA listing is presented of documents, films, slides, and those items which were formally produced for utilization by the ABC concerning the SNAP project.
UNCONVXNTIONAL ELECTRICAL POWER SOURCES.
57,
58.
Martin Company, Nuclear Div., Baltimore, Md.
L SNAP PROGRAMS.
Quarterly progress rept. no. 1, 22 Oct -31 Dec 1959; MND-P-3009-1, Nov 60,
I287p. (Contract AT(30-3)-217)
An analysis was made of the SNAP III generator to determine the cause of failure, and the test specifications were revised in line witn the findings. During calibration and demonstration runs with the SNAP III-A generator, a leak developed in the valving mechanism of the variable heat-dump system.
An examination disclosed that the valve was not satisfactory, so the generator was returned to the manufacturer for repair. A description is given of the generator, along with a performance evaluation program. A discussion is given of the work performed in advancing the technology of thermionic converters, specifically to increase efficiency by developing better emitter and
58. (cont'd) and collector materials and by reducing heat losses. Investigations were made in the areas of cesium diodes, effects of cesium on materials, electrical heaters, diffusion of gases through metals, and work function tests. Work done on the development of low-power thermionic generators included prototype development, heat-transfer studies and tests, vacuum tests in prototype shells, cathode and sapphire creep tests, a parametric study, the development of molybdenum fuel cayples, heliarc welding of molybdenum fuel capsules, hazard tudies on Ce'44 thermionic units, fabrication of a containment cask for Ce l tion design studies, selection and optimization of thermoelectric generator parameters, radiation shield design, evaluation of fuel containment problems under conditions of helium evolution, and the measurement of thermoelectric materials data. Analyses of heat-transfer and radiation shielding and studies of generator and component designs resulted in an optimum configuration for a 13-watt generator of the radiative-cylindrical type. The weight of the generator, exclusive of voltage regulation equipment, is 8.6 1b; the overall efficiency is 6.2%. Fuel-technology develo~ait studies were directed toward a parametric study of radioisotopes suitable for isotopic power, the feasibility of processing the selected isotopes, and the selection of purifijcation procedures.
59.
SNAP PROGRAMS. Quarterly progress rept. no. Design studies were made for the cooling, shielding, and electrical-control support systems required for the testing of the isotope-fueled 125-w generator in a hot-cell facility. A ceric oxide fuel containing 10 wt. % SiC exhibited suitable burn-up characteristics in simulated postorbital re-entry heating conditions. Inconel X was selected as the fuel-containment material. Negative pitch angle injections were evaluated for the injection-stage flight vehicle. The second electrically heated 125-w generator was assembled and prepared for checkout. A successful reproducible process for bonding the p element was developed in which GeTe was furnace melted into an iron shoe Iand a spring-loaded element was bonded to the shoe in an induction furnace.
128
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3-88-61-l/SB-61-60 II 59. (cont'd) The p element contact resistance was 0.1 milliohm. The maximum output on the first generator was measured as 78.2 w. Measurements were stopped when power output deteriorated to 28.8 w. An inspection showed that oxidation due to insufficient reducir.g atmosphere at the hot junction contacts was the cause. Parametric thermoelectric generator performance tests were conducted in which the internal gas pressure was varied from 0 to 1.5 atm. and the external pressure was either 1 atm. or a vacuum. The fabrication, operation, and performance of esium diodes were studied. The effect of a molybdenum powder film on heat transfer when placed in a molybdenum-tungsten interface was determined. In development studies on a low-power thermionic generator, cathode and sapphire-support creep tests were conducted up to 500 0 C, at which temperature no creep was observed. The design of Generator H 2A was completed. A heater was develop 2 for the generators which is capable of simulating the power density of a Cmle2 heat source. A titanium alloy, A-70, was founi which possessed satisfactory properties for use as a leadthrough at 1050 0 C. A method of electrically insulating the two stages of a generator was developed. Tests were performed which showed that no interaction takes place between Ce 2 0 and molybdenum in an oxygen atmosphere at 16000F. Methods for removing aluminum from a curium capsule by volatilizing in either bromine or chlorine was were investigated. An enalysis to determine the helium pressure build-up in aluminum-americium capsules was conducted. Dose rates were determined for americium slugs betore irradiation at distances from the slug surface up to 1 m. An evaluation of the effectiveness of the curiu _hipping cask was made. The power release by decay products of Pu23 jFunctional tesjing was completed on the ground handling equipment for transporting the Ce heat source container and loading the SNAP 1A generator. Mercury shield fill and drain tests for the generator system and the collar shield were conducted. Heat-transfer tests of the isotope heat source shipping cask were conducted. Simulated rocket-launch environmental tests of vibration, acceleration, and shock were completed on the G-2 generator. Analysis of the environmental test data was initiated. Final design studies for the G-3 generator were completed, and a thermoelectric module concept was selected for use in the isotope-fueled generator. Development tests of thermoelectric modules in a module tester were initiated. Voltage break-down tests were conducted on a porcelain enamel spray coat. SNAP 3 generator 3M-lGlO completed 322 days of life test operation and the power input was terminated after the generator was operated under a full range of external loads to obtain performance characteristics. Electrical power output after 322 days at steady-state heat source and external load conditions was 1.92 watts, for an over-all efficiency of 2.9%. Tear-down inspection of the generator confirmed previous indications of increased internal electrical resistance and thermal conductivity, which account for the gradual reduction in generator performance from the start-of-life electrical output of 3.45 watts and 5.2% over-all efficiency. The SNAP 3
[1 3M-IG5 generator was successfully fueled with Po 2 10 . Maxi-vm electrical power output was 4 watts at an over-all efficiency of 5.2%. Radiological safety studies for space'power were initiated.
61.
Myers, M.N.
LIRRADIATION STUDY OF PLATINUM AND
PLATINUM-RHODIUM THERMOCOUPLE WIRE.
UDC-58-5-730, 28
May 58, 4p.
The results indicate that the Ir 19 2 arises principally from an (n, gamma) reaction by thermal neutrons on an Ir 1 9 1 impurity in the thermocouple wires and that this impurity is much larger (three times) in the Pt -Rh wire than in the Pt wires tested. The ratio of impurity seems to vary from wire to wire. The new Pt -Rh wire was much more active than the used wire. Since exact MTR flux measurements were not calculable from this irradiation, quantitative values of the total amount of iridium impurity present cannot be given.
62.
Nobe , v. 212, p. 884-889, 1958 .
The emf produced by applying a tensile stress, c, to one of a pair of electrolytic (99.92%) Cu wires in M-NaCl and 0.1 M-CuS04 solution was measured under restricted-flow conditions. For annealed Cu within the region where Hooke's law applies, emfccd 2 , as predicted by theory, and the process is reversible, while for cold-worked material, emfo , and again the process is reversible. Where d is sufficient to cause plastic deformation the einf decreases, and 
63.
Nuclear energy in space. NUCLEONICS, v. 19, n. 4, p. 53-100, Apr 1961.
High-and low-thrust missions and those requiring high auxiliary power levels are discussed. Strategies of design and operation for reducing danger to populations are also considered. Radionuclide SNAP units provide durable, continuous electric power sources from 1 to 100 w with predictable lifetimes. Uses of SNAP units are discussed. KIWI-B ground tests with flight configurations are described. Problems of high-temperature reactor fuels and engine control during quick startup are investigated. Environmental problems of ] Ispacecraft, including particle bombardment, heat flux variations snd ultrahigh-vacuum materials problems are detailed. Uses of gaseous-and solid-fuel reactors, along with methods for separating propellants and fuels, and the H use of atomic explosion propulsion are described.
64.
Oak Ridge National Lab., Tennessee. 
GAS-COOLED REACTOR PROJECT
K176p.
IT
The program is divided into two principal parts: design investigations and materials research and testing. Most of the activities described were initiated in support of the prototype gas-cooled power reactor (GCPR) designed by Kaiser Engineers-ACF Industries. Some advanced reactor design studies were made, and basic design studies required to facilitate design review work were completed that have application beyond the limited review objective. In furtherance of an assigned responsibility for providing the fuel elements for the GCPR, methods for fabricating and testing fuel elements were developed.
Tests of mechanical properties were undertaken as required to obtain the information needed in the development of the fuel elements.
In-pile and out-ofpile tests of the components and materials of the reactor core were also initiated. UWestinghouse Atomic Power Div. 24 May 54, U
2p.
Results arc reported from tests of the effect of neutron flux on thermocouple calibration and on thermocouple insulating materials which indicate that a fhigh neutron flux has no appreciable effect on the thermoelectric properties of a thermocouple but that irradiation does have an adverse effect on the insulation properties of most materials. To date the materials that have jproved to be the most satisfactory insulation materials are magnesium oxide, aluminum oxide, lava, and a ceramic insulation material.
67.
Peschke, K. 
(In Russian)
Extensive calculations taking account of recombinations in the bulk and at the surface for some simply shaped specimens when the fields are so weak that the carrier concentration is only slightly different from its equilibrium value. The following effects are discussed: thermoelectric power, Hall
[effect, magneto-resistance, electrical resistance in a temperature gradient, the Ettingshausen effect, and behavior in oscillating fields. The report describes work on the thermoelectric alloy Bi 2 40b60 + x 8e6 Teso. A historical introduction is followed by the description of the x-ray diffraction work which has led to the establishment of the dimensions of the super symmetry and probably assignment of a space group. Stoichiometric analysis of the superstructure unit cell suggests the existence of antimony in both the 3 and 5 oxidation states This variable makes the alloy a poised system and permits in principle the investigation of twenty integral alloys (-8 <x (12).
69.
To date the most interesting compositions with figures of merit in excess of 3 x l0 -3 K-1 have been found in the range 6 x <8 Methods of preparation and crystalization are described 
I I
The current state of the art on the effects of nuclear radiation on semiconductor devices is presented. What information is available is presented on thermoelectric devices.
73.
Rosi, F.D., Hockings, E.F. and Lindenblad, N.E. A general consideration of the thermoelectric properties of semiconductors suggests that (1) this class of materials can be useful in power-generating thermocouples operating at least up to 7000C, and (2) use of a sandwich-type arrangement or graded alloying in the construction of thermocouple branches will be necessary to achieve high figures of merit over a wide temperature range and, hence, high power-generating efficiencies. A large number of ternary compound semiconductors having the cubic structure were synthesized. Those with the rock-salt structure, such as AgSbTe are characterized by low lattice thermal conductivities (<0.0075 W cm -deg-l). The lattice thermal conductivity as a function of composition was examined in the alloy systems of AgSbTe with PbTe, SnTe, and GeTe. The mini-um in the lattice thermal conductivity for the AgSbTe 2 -PbTe system gives an effective mean free path for phonons which is less than unit-cell dimensions. Measurements of the temperature dependence of thermoelectric properties of a number of solidsolution alloy systems showed that (1) solid-solution alloys of Bi 2 Te 3 , with Bi 2 Seq, SbTe,, and Sb 2 Se 3 provided the best p-and n-type material for thermocoupe peration in the temperature range 25 to 2500C, (2) the ternary Ii compound AgSbTe and its alloys with GeTe provided the best p-type material for the range 250 to 550 0 C, and (3) alloys in the PbTe-SnTe system provided the best n-type material for the range 250 to 550 0 C. Power-generating thermocouples constructed in the sandwich-type arrangement of materials, provided an efficiency of -12% for operation over the temperature range 20 to 5500C (i.e., TH-TC =5300C). Continuous thermocouple operation for 300 hr resulted in no significant deterioration of material properties.
74.
Savornin, J. and Savornin, F.
LDiscontinuities in the thermoelectric
properties of thin metallic films.
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I3-88-61-1/sB-61-6o Continuing previous work the thermoelectric power of thin films of aluminum was studied. As the temperature of the hot Junction was raised the film gave the same results as a thick sheet up to about 100°C, after which the thermoelectric power increased rapidly. On lowering the temperature and repeating the experiment, the temperature at which the abnormal increase set in usually became progressively higher. Though e experiments were conducted in air, there is reason to think the effect is not due to oxidation. Further work is in progress. 1978 -1987 , Nov 1960 It is demonstrated that the high currents present in large thermionic power generators produce magnetic fields which result in a considerable reduction of electron transmission and energy-conversion efficiency. To overcome the adverse effect of the self-induced field, the report presents the concept of a magnetothermionic power generator, employing an externally produced magnetic field parallel to the current direction. Analysis indicates that this concept will permit efficient operation of large generators. In addition, by use of a modulated field coil current, it offers the possibility of the direct generation of alternating current, at a controlled frequency, It is shown that the change in electricEi conductivity and thermoelectric force are caused by the change in concentration of the free electrons. The effect of this process on the efficiency of equipment employing the Peltier effect is analyzed. Taraba Includes a schematic diagram of a thermoelectric circuit used to measure II average thermoelectric power.
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78.
79.
Thermoelectric generator undergoing test. ELECTRON., v. 33, p. i, 8 July 6o.
"Lightweight generator designed to power space probes and satellites for periods of a year or more is undergoing tests at Martin's Baltimore laboratories. Named SNAP-lA (system for nuclear auxiliary power)p the power system is Ii intended to put out more electricity for longer periods than other power units developed for space vehicles. The thermoelectric device uses a tightly sealed Inconel-X capsule filled with spontaneously decaying cerium-144 pellets. Heat from the decay of the Ce-144 is directly converted into electricity by a lead telluride sheath surrounding the capsule. The egg-shaped power supply is 3 ft. lon'%, weighs 175 lb., can produce 125 w at 28 v d-c continuously for a I year, Martin spokesmen say. To shield the spaceprobe ground crew prior to L launching, the egg is filled with two tons of mercury which is drained out five seconds before firing." Expressions are derived which permit the rough prediction of changes in calibration of various thermocouples due to neutron damage Several generalities are proposed regarding these changes.
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